Transanal endoscopic surgery is a 30-year innovation, which has allowed surgeons to treat patients with benign and early malignant rectal tumors using a minimally invasive approach. Its use in colorectal surgery continues to expand and be of interest for surgeons practicing in the minimally invasive surgical era. This review provides an overview of transanal endoscopic surgery, focusing on its different platforms, learning curve, and specific indications for benign and malignant diseases of the rectum. It reviews patient selection, with a focus on patient-and tumor-specific characteristics involved in the selection process, preparation for surgery, complications, and outcomes. Lastly, it reviews novel uses for transanal endoscopic surgery and future prospects.
Introduction
Transanal endoscopic surgery (TES) was developed in the 1980s by professor Gerhard Buess with the aim of resecting lesions in the rectum that were not amenable to local excision or endoscopic resection. 1 Transanal excision (TAE) is still commonly used today, mostly used for low rectal lesions located usually 7-8 cm from the anal verge. Patients with lesions not amenable to local excision are subjected to larger abdominal operations, which carry a much higher morbidity. The specialized equipment for TES allows surgeons to access lesions in the mid to upper rectum with improved exposure sparing patients from more complex procedures. The use of this minimally invasive technique has gained popularity and has become the standard approach for resecting primarily large adenomas and select carcinomas of the mid to upper rectum. In addition, experienced surgeons have explored the use of TES for repair of rectovaginal and rectourethral fistulas (RUFs), performing strictureplasty for anastomotic strictures of the rectum, repair of anastomotic leaks, resection of previous polypectomy sites with residual disease, excision of retrorectal tumors, and its potential use is continuously expanding. 2 As with all new procedures, the surgical community was slow to adopt this approach due to its cost, its perceived difficulty as well as its limited use in colorectal surgery. 3 Nonetheless, after many years of practice and robust clinical studies, TES has gained the interest of surgeons who prefer to treat their patients using more minimally invasive approaches.
The goal of this review is to provide a general overview of the TES approach with its different platform and applications, the utility of this approach, patient selection and preparation for surgery, complications, overall outcomes, and future directions.
Rigid platforms
There are two units that are considered rigid. The first is the original transanal endoscopic microsurgery (TEM) platform (Richard Wolf, Knittlingen, Germany), used and described by Dr Buess, which consists of surgical instruments and an endosurgical unit. 4 To gain access, a 4-cm diameter rectoscope, along with an introducer, is inserted into the rectum and sealed with an airtight faceplate through which a stereoscope with binocular vision and TEM-specific surgical instruments are inserted. The surgeon can decide whether to use the binocular vision or to project the operating field onto a monitor, allowing a wider audience to observe the procedure. The rectoscope is available in 12-or 20-cm lengths, with the option of using a flat or beveled tip to optimize exposure of the lesion. The entire unit is then secured onto the operating table using a multijointed clamp (Martin arm) and connected to the endosurgical unit, which provides constant CO 2 insufflation to achieve pneumorectum, suction, and irrigation. 5 The advantage of this operating platform is its ability to maintain pneumorectum using constant gas pressure in the rectum without insufflating the more proximal bowel, preventing unnecessary bowel distension and poor visualization. 5 This very sophisticated and well-designed platform comes at a higher cost and therefore may be a limiting factor for adopting this technique for surgeons who are starting to practice TES. Nevertheless, it has been proven to be cost-effective when compared to open resection in high volume centers, mainly driven by the shorter hospital stay. [5] [6] [7] The second rigid platform is the transanal endoscopic operation (TEO; Karl Storz, Tuttlingen, Germany). This less-expensive alternative allows surgeons to use standard laparoscopic instruments, including a 5 mm 30° laparoscope and overall laparoscopy setup, making this platform more affordable, and may be more attractive for surgeons with prior laparoscopic experience. 8 As with the TEM platform, the beveled rectoscope is 4 cm in diameter, but this option comes in three different sizes: 7.5, 15, and 20 cm. Instruments ranging from 3 to 14 mm can be inserted into the channels of the rectoscope, including staplers and ultrasonic devices. The rectoscope is secured to the operating table using a holding system and articulated stand. 9 TEO differs from TEM in that it is not equipped with binocular vision or a dedicated suction insufflation device. 8 
Soft platform
Transanal minimally invasive surgery (TAMIS) is the most recent and most affordable platform for TES. Originally described by Atallah et al 10 in 2010 as a hybrid between TEM and single-port laparoscopy, this platform uses a lubricated single-incision laparoscopic surgery port (SILS Port; Covidien, Mansfield, MA, USA) to gain access to the rectum, with its upper border anchoring at the anorectal ring. It has a 3 cm diameter neck and three 5 mm cannulas for single-port surgery along with a separate access used for insufflation. Standard ordinary laparoscopic instruments are used to perform the procedure with the use of more specialized articulating instruments where applicable. Another device approved by the Food and Drug Administration is the GelPOINT Path Transanal Access Platform (Applied Medical, Rancho Santa Margarita, CA, USA), specifically designed for TAMIS procedures. 8 At the time of introduction of TAMIS, it was found to be a feasible, less expensive alternative to TEM with short operating times and no morbidity or mortality at short-term follow-up. 10 Different ports for TAMIS have been developed throughout the years, with port lengths (referring to the actual working port length, not accounting for the external part of the device) ranging from 37 to 44 mm and port diameters between 35 and 40 mm, depending on the brand. 11 
Learning curve
Similar to the early days of laparoscopy, TES was not well accepted decades ago and was viewed as difficult, expensive, and with limited indications. 3 Since then, a multitude of studies have been published showing the benefits of TES, encouraging surgeons to adopt this new wave in colorectal surgery. Courses and workshops around the globe have allowed surgeons with different levels of experience and expertise to train on the different TES platforms, teaching the basics of setup and surgical technique. As with any new procedure, there is a learning curve that surgeons must embark on before achieving a certain proficiency level. This learning curve may differ among surgeons, given that every 
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TES: patient selection and perspectives individual has a different basic skill set and experience with minimally invasive surgery. Noticeably, surgeons trained in the prelaparoscopy era may likely require more coaching and practice as opposed to those who regularly practice laparoscopy. Among the studies assessing the learning curve of surgeons adopting this technique, one retrospective study assessed the learning curve effect on conversion, procedure length, complications, and recurrence rate of four surgeons who performed a total of 693 rectal lesion excisions. They demonstrated that the learning curve affected the first three outcomes but did not affect the recurrence rate in patients after a 16-month follow-up, which is likely explained by evolving patient populations. 12 Although a learning curve effect was calculated in this study, there was no mention of an actual number of cases required before a surgeon demonstrates a certain level of proficiency with this procedure. A recent retrospective study by Maya et al 3 assessed the learning curve of a single surgeon performing TEM using the Wolf platform in 23 cases. Using a Cumulative sum technique, which is an objective assessment tool of individual surgeon performance, they were able to demonstrate stabilization of the learning curve for TEM after four cases. In addition, the operative time as well as the average rate of rectal lesion excision using TEM significantly decreased after four cases (mean operating time of 130.5 minutes for specimens with a mean size of 16.6 cm 2 with minimal fragmentation and morbidity). 3 This is encouraging for surgeons who are interested in learning this technique given that the learning curve may not be as steep as initially anticipated on the basis of the results of this study. However, it is important to realize that with any new technique, steady practice is important to maintain skills and improve performance over time.
Utility of TES
TES has become the standard approach for resection of rectal adenomas and early rectal cancers with favorable histology. However, its use has expanded far beyond its original description by Professor Buess 30 years ago for resection of rectal tumors. Its potential continues to be challenged as surgeons are pushing the limits of transanal surgery using TES for repair and resection of other colorectal problems. Without a doubt, this minimally invasive technique spares the patient from invasive abdominal surgery, which would be the gold standard procedure for early lesions of the mid and upper rectum not amenable to TAE. The development of TES techniques, regardless of the platform used, provides surgeons with specialized equipment that improves illumination and exposure of the surgical field with better reach for lesions higher up in the rectum to allow for a more precise dissection and less morbidity. The advantage of TES is that virtually any rectal adenoma can be excised regardless of the size, extent of circumferential involvement, and height (provided that it is below the rectosigmoid junction). 13 
TES compared to other local procedures
With the advent of TES, there has been a paradigm shift in the treatment of rectal adenomas and very early rectal cancers. Endoscopic approaches such as endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD), which are often used to resect lesions in the colon or upper gastrointestinal tract, can be quite challenging and may not be the procedure of choice for patients with rectal lesions. Moreover, EMR would not be an acceptable approach for patients with early rectal cancers given that T1 cancers invade the submucosa. A study by Barendse et al 14 comparing EMR to TEM for large adenomas (>2 cm) found EMR to be less effective at removing the lesion on the first attempt. However, EMR appeared to be as successful as TEM at removing the remnant lesion on the second attempt. Moreover, patients who had undergone EMR had a higher early recurrence rate at 6 months follow-up endoscopy (30% vs 10.2% for EMR and TEM, respectively).
14 Furthermore, piecemeal resection of a lesion makes it more difficult for adequate histopathological assessment and has been found to have higher recurrence rates at the polypectomy site. 15, 16 ESD offers a more complete en-bloc excision of larger, sessile polyps, typically >20 mm with a lower recurrence rate compared to EMR. 17 Although it is commonly used in the upper gastrointestinal tract, its use in the colon and rectum is more rare. TEM is technically challenging with a steep learning curve making it difficult for surgeons to adopt this technique over conventional TAE. One systematic review and meta-analysis comparing ESD to TEM in >2,000 patients with noninvasive rectal lesions found patients undergoing TEM had a higher rate of R0 resection due to the ability to perform a full-thickness excision compared to patients undergoing ESD. Moreover, patients post-ESD were more likely to undergo further abdominal surgery due to complications or pathological indications compared to TEM. Both the approaches had similar complication profiles. 18 Conventional TAE initially described by Parks for rectal lesions has been practiced for years and has been the go-to operation for distal rectal adenomas not amenable to endoscopic resection as well as early rectal cancers. Patients who qualify for a full-thickness TAE for carcinoma have lesions that are well-to-moderately differentiated superficial rectal cancers (T1), 
74
Petrucci and Sands <4 cm in size, located <10 cm from the anal verge, with <40% circumferential involvement, without any perineural or lymphovascular invasion. 19 This operation continues to be widely practiced because it offers patients an oncologic resection while sparing them the morbidity of an abdominal operation. Although technically challenging due to the narrow working space, difficult reach, and poor visualization in the proximal rectum, patients who undergo TAE are spared the need for more radical abdominal surgery, which leads to decreased postoperative morbidity, improved functional outcomes and avoidance of possible stoma creation due to its less invasive approach. 2, 20 In 2008, Moore et al 21 published the first large study comparing the effectiveness of TAE to TEM. Although this was a retrospective review, it looked at 171 patients who underwent local excision for both adenoma and carcinoma (n=89 for TAE; n=82 for TEM). For both groups, there was a significantly higher rate of negative margins after resection as well as less specimen fragmentation in the TEM group. The recurrence rate for adenomas was significantly lower in the TEM versus the TAE group (3% vs 32%, respectively); for carcinomas, there was a strong trend toward decreased recurrence in the TEM group, although this was not statistically significant. 21 These findings were reproduced in other studies. De Graaf et al 22 compared TAE to TEM for adenomas and had similar findings with regard to fragmentation and resection margins. Interestingly, patients with positive margins in the TEM group had lower recurrence rates than did patients with positive margins in the TAE group (7% vs 59.6%, respectively), concluding that TEM is superior to TAE for rectal adenomas. 22 A recently published systematic review and meta-analysis by Clancy et al 23 compared recurrence rates and pathologic outcomes between TEM and TAE. The authors demonstrated that patients undergoing TEM had a higher rate of negative margins, less specimen fragmentation, and lower lesion recurrence rates with similar complication profiles for both the procedures, but without any significant differences between the groups. However, the studies included were mostly retrospective. 23 With these findings and the current available technology for TES, it is difficult to justify using TAE alone without the addition of TES, either as a combined procedure or alone, to treat patients with rectal neoplasia. Regardless of the platform applied, TES allows surgeons the opportunity to improve visualization with a more functional operating system to optimize exposure and enhance surgical resection.
TES and rectal adenomas
The use of TES is quickly gaining popularity within the field of colorectal surgery. Much of the ongoing research is currently exploring different uses for TES. However, the most widely accepted and least debated indication includes resection of any rectal adenoma below the rectosigmoid junction, regardless of its size or circumferential involvement. Rectal adenomas are direct precursors of rectal cancer; therefore, complete excision is necessary to avoid the development of dysplasia and, subsequently, carcinoma. It is also well known that adenomas >1 cm in size carry a 38.5% chance of harboring high-grade dysplasia (HGD) or carcinoma. For this reason, complete resection of these adenomatous lesions reduces the long-term risk of colorectal cancer. 24, 25 Although TAE is a procedure commonly performed for distal rectal lesions, it is not ideal for lesions higher up in the rectum. Other approaches such as the posterior trans-sphincteric (York-Mason), trans-sacral (Kraske), or an abdominal low anterior resection are invasive procedures for patients diagnosed with a benign disease that carry a significantly higher overall morbidity and can lead to poor functional outcomes. 26 Its use for larger adenomas has been extensively studied and proven to be more effective than other local resection methods, such as EMR and ESD, with higher rates of negative resection margins and less piecemeal specimens, resulting in a lower recurrence rate. 27 For these benign precancerous lesions, regardless the platform used, TAMIS/TEM/TEO, it is imperative to fully resect the lesion with negative margins to decrease the recurrence rate, as the latter is dependent on margin status.
TES and rectal cancer
According to the American Cancer Society, colorectal cancer is the third most common cancer diagnosed in the USA, with an estimated incidence of 39,220 new cases of rectal cancer for 2016. The estimated 5-year survival for patients with stage 1 rectal cancer is 87%, which comprises patients with pathological stages T1 and T2 with node-negative disease. Treating these patients can be challenging, and surgery plays an important role. The standard of care for curative treatment is a total mesorectal excision (TME), either with a low-anterior resection or an abdominoperineal resection, depending on the height of the tumor, to ensure complete resection of the lesion along with its mesorectal lymph nodes. For patients with early stage rectal cancer, this can potentially be curative; however, this operation carries a significant morbidity (30%-68%) and mortality (0%-6.5%). 28 In a select group of patients with early rectal cancer, TES can be an option to decrease postoperative morbidity and improve quality of life as long as their oncologic outcome is not compromised. Nonetheless, not all early rectal cancers are amenable to local excision as studies have shown that patients with T1 tumors 
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TES: patient selection and perspectives who undergo TAE have recurrence rates reportedly between 0% and 31%, which questions which factors come into play to allow for such discrepancies in recurrence rates in patients who are staged with node-negative disease. 29 These factors include T-stage along with certain histopathological markers that have been shown to have a higher risk of lymph node metastasis and hence recurrence.
The most important predictor of lymph node metastasis is the T-stage of the tumor as the risk of nodal metastasis increases with increasing T-stage: 0%-12% risk of nodal positivity for T1 tumors, 12%-38% for T2 tumors and is significantly higher for T3 and T4 tumors with risks ranging from 36% to 79%. 30, 31 Patients with tumors staged as T2 and above should not be considered for TES as their risk of lymph node metastasis is too high, and these patients should undergo formal TME even without any gross nodal involvement on staging workup. A study by Elmessiry et al 28 comparing local excision and TME in T1 and T2 cancers found a higher local recurrence (P=0.025) and lower disease free survival (P=0.044) for T2 lesions after local excision, suggesting that these tumors are best treated with TME. Moreover, for patients who have recurrence after local excision for early rectal cancer and recur, the outcome of salvage surgery is also affected by the initial operation. Mellgren et al 30 looked at local excision versus radical surgery in patients with T1N0 and T2N0 disease and found that in patients with locoregional recurrence after local excision, salvage surgery was more effective in T1 cancers and that local excision for T2 cancers may compromise their overall survival. Tumor size is also thought to be a relative contraindication (>3-4 cm) to TES due to difficulties with exposure, hence a less effective resection with inadequate margins which may contribute to higher locoregional recurrence. 2 T-stage and size are not the only factors taken into account when evaluating a patient for possible TES. The histopathology of the tumor has significant implications on the decision making for possible TES since certain features are more ominous and would favor radical excision over TES. First, the degree of submucosal involvement is an important predictor of lymph node metastasis. The Kikuchi classification divides the submucosa into three depths of involvement: sm1 describes slight submucosal invasion, sm2 is intermediate invasion, and sm3 is deep invasion abutting the inner surface of the muscularis propria. Kikuchi et al 32 demonstrated that sm3 tumors have the highest risk of lymph node metastasis and advised to treat these tumors with formal bowel resection. Moreover, it is also important to distinguish the morphology of the polyp as submucosal involvement in pedunculated and sessile polyps is treated differently. Pedunculated lesions that harbor cancer can be assessed using Haggitt's classification: 1 through 4, where Haggitt levels 1-3 describe a lesion where carcinoma invades the submucosa in the head, neck, and stalk, respectively, and can be resected with simple polypectomy granted that the resection margins are clear. Haggitt level 4 signifies invasion into the base of the lesion, just above the muscularis propria. Haggitt's level 4 is a higher risk lesion and can be classified as either sm2 or sm3 and therefore should be treated with caution when assessing a patient for TES.
In addition to submucosal invasion, lesions need to be assessed for their degree of differentiation, where poorly differentiated lesions are higher risk than well-to-moderately differentiated tumors. The presence of perineural or vascular invasion, any mucinous component, and, more recently, tumor budding at the margin are also ominous histopathological features of higher risk lesions. Blumberg et al 33 looked at pathological factors and the risk of lymph metastasis in rectal cancer and found node differentiation and lymphatic vessel invasion to affect the risk of lymph node metastasis. Both welldifferentiated and moderately differentiated tumors had a 14% risk of lymph node metastasis, whereas the risk increased to 30% for poorly differentiated lesions. Similarly, lesions with lymphovascular invasion had a 33% chance of lymph node metastasis, whereas those without lymphovascular invasion only had a 14% risk of positive nodes. 33 Nascimbeni et al 34 studied T1 rectal lesions of the rectum and found that lymphovascular invasion, sm3 depth of invasion, and location in the lower third of the rectum to be associated with a higher rate of lymph node metastasis. With this in mind, careful histopathological assessment of tumors is crucial and careful selection is necessary when considering a patient for TES. In summary, patients who should be considered for TES for early rectal cancer are those with well-to moderately differentiated T1 tumors, with superficial invasion of the rectal wall into the submucosa (sm1) excluding the muscularis propria, without any signs of perineural or lymphovascular invasion, or any tumor budding or any mucinous component. 2 Within this group of patients, it is reasonable to offer them TES with appropriate postoperative surveillance as studies have shown similar oncologic outcomes with radical surgery for carefully selected low-risk T1 tumors. 35, 36 In a very small subgroup of patients with higher risk lesions, TES alone or combined with adjuvant treatment and close surveillance may be offered. These include patients with advance disease who may benefit from a local procedure if the lesion is amenable to resection. Also, patients who refuse to have radical surgery 
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Petrucci and Sands due to fear of surgical outcome or fear of stoma and who are reliable for close surveillance may undergo TES followed by chemoradiation if they agree to the risks and understand the poorer oncologic outcome of this approach. 2 Other uses for TES TES is most often used for benign and malignant rectal neoplasia; however, many surgeons have attempted to use TES to treat other colorectal diseases, including but not limited to rectovaginal fistula (RVF), RUF, stricture, and anastomotic leak. A review by D'Ambrosio et al 37 looked at the use of TES for the repair of RVF using the rigid TEM platform in 13 reported cases. Using a combination of TES and manual dissection, a layered closure was performed thus sparing patients from a perineal incision. The main drawback described was the lack of rectal visualization during dissection of the rectovaginal septum, which had to be performed manually by the surgeon. Despite this, results have shown an overall healing rate of 93%, with minor complications in15%. 37 In addition, Darwood and Borley 38 described using TES for high RVF using a mucosal advancement flap, stating excellent visualization and low morbidity. 38 A similar approach has been used for repair of RUF. Reports as far back as 1996 have described RUF repair using a combination of cystoscopy and full-thickness rectal dissection with layered closure using TES, advocating for meticulous dissection and debridement of the fistula for successful closure. 39 In a subsequent report, Bochove-Overgaauw et al 40 used TEM in two patients who developed RUF after prostate surgery and reported one failure attributed to extensive scar tissue following previous gracilis flap repair.
Another use for TES described in the literature is for the treatment of anastomotic strictures. A case report by Kato et al 41 described the use of TEM with a Nd:YAG laser for the treatment of an anastomotic stricture by fulgurating the rectal wall with no associated complications. 41 A more recent publication by Baatrup et al 42 described TEM for stricture using a full-thickness hemicircumferential incision from 4 to 8 o'clock and closure of the defect, in six patients. Aside from technical issues encountered in one patient with a very low stricture, this approach was feasible, well-tolerated, and with no complications after 16 months follow-up. It was, however, technically challenging. 42 Other applications for TES have been described, including excision of rare tumors, including carcinoids, gastrointestinal stromal cell tumors, and retro-rectal tumors. Carcinoid tumors are most common in the appendix; however, they also occur in the rectum and can be locally excised if <1 cm in size. They are mostly asymptomatic and lesions <1 cm are rarely metastatic 43 ; therefore, local excision is appropriate. Kinoshita et al 44 studied 27 patients who underwent TEM for carcinoid tumors, with minor complications occurring in two patients, including temporary soilage and dehiscence. 44 Other reported innovative uses include schwannoma, removal of a foreign body and even rectal prolapse, using a technique that resembles the stapled transanal rectal resection procedure. 45, 46 Patient selection and preparation Patient preparation for surgery First, a detailed history focusing on the patient's medical comorbidities, current medications, allergies, previous colonoscopies or any pertinent intervention (such as biopsies), or surgery (especially in the anorectal area) the patient may have undergone is essential for future surgical planning. This also helps the surgeon assess possible risks of anesthesia and any potential problems encountered in the perioperative period. Moreover, documenting any current issues with continence or change in bowel habits is important to understand preoperatively so that any changes in the postoperative period can be monitored and investigated, if necessary. Next, the physical examination allows the surgeon to evaluate the patient as well as the lesion in question. Patients with proven adenomas or a select few patients with carcinoma of the rectum, which are not resectable using endoscopic techniques, can be evaluated for TES. Every patient who is considered for TES must first undergo digital rectal examination to assess location (anterior vs posterior or right vs left lateral), height (whether the lesion is palpable by digital rectal examination or not), and palpation (soft vs. firm) of the lesion. These diagnostic parameters will allow the surgeon to begin the planning process for eventual excision. Following digital rectal examination, patients must undergo a flexible or rigid sigmoidoscopy to characterize the lesion according to its size, distance from the dentate line, circumferential involvement, and relationship to the rectal valves or any other structure that may have adhered to the lesion. This is imperative for preoperative planning. Once completed, the patient must undergo a full colonoscopy to assess for possible synchronous polyps or neoplasia, if not recently performed.
Patients with suspicious appearing lesions on physical examination with or without pathologically confirmed adenomas may have to undergo further imaging to better characterize the lesion in case of underlying malignancy prior to any local excision. Imaging includes endorectal ultrasound (ERUS) and pelvic magnetic resonance imaging (MRI). Both the modalities have been studied extensively regarding their accuracy in detecting wall invasion (T-stage) and lymph node involvement for rectal cancer. One study found MRI to be slightly superior in detecting wall invasion when compared to ERUS (89.7% vs 85.29%) with a similar value of detecting lymph node involvement (74.5% vs 76.47%). 47 A meta-analysis comparing ERUS, computed tomography scan, and MRI found ERUS to be more accurate at assessing local invasion, whereas all the three modalities were found to have similar sensitivities for detecting lymph node involvement. 48 Computed tomography and MRI have also been used to evaluate iliac, mesenteric, and retroperitoneal lymph nodes, as opposed to ERUS that specifically assesses mesorectal lymph nodes. In addition, MRI is helpful for higher rectal lesions. 8 Although these imaging modalities are acceptable, a greater trend is growing toward using MRI, since it is more widely available than ERUS; the latter is also operator-dependent and may not be available in all centers.
Prior to surgery, patients are instructed to take a full mechanical bowel preparation or two rectal enemas. The advantage of a full bowel preparation is to avoid any contamination of the surgical field from proximal, nonevacuated feces, which may obstruct the view. On the day of surgery, patients receive preoperative prophylactic antibiotics, and the procedure is generally performed under general anesthesia. In certain circumstances, TES can be undertaken under regional spinal anesthesia. A Foley catheter is inserted to decompress the bladder, and the patient is positioned so that the lesion is located at 6 o'clock. For TAMIS, the procedure can be undertaken in the lithotomy position, regardless of the location of the lesion; however, for anterior lesions, patients can be placed in the prone position. 10 Postoperative management is surgeon-or center-dependent. Some patients are discharged home the same day of surgery, while others are admitted to hospital. In general, patients receive a dose of postoperative antibiotics, although duration of treatment is not standardized, and there is no evidence to date justifying prolonged use of antibiotics. Patients with lesions requiring further surgical intervention after full-thickness excision (such as lesions with positive margins) should do so in 4-6 weeks to allow the bowel time to heal. Patient with more advanced malignancies diagnosed after local resection should undergo radical surgery for optimal oncologic management.
According to the NCCN guidelines, surveillance for completely resected adenomas consists of a repeat colonoscopy in 1 year. For patients with early rectal cancer with complete resection and no worrisome features warranting further intervention, patients should be followed up with a history and physical examination, carcinoembryonic antigen levels, chest, abdominal and pelvic computed tomography, and proctoscopy every 3-6 months for the first 2 years, then every 6 months thereafter for a total of 5 years. A colonoscopy should be performed after 1 year. 49 
Procedure-associated complications
In general, TES is safe with a minimal complication profile. For TAMIS and TEM, overall complication rates have been reported as 7.5% and 10.5%, respectively, and generally include peritoneal entry, vaginal or urethral injury, sphincterrelated injury leading to incontinence, bleeding, and wound dehiscence. 11, 50 Most of the complications that can occur intraoperatively are well managed using the TES equipment.
For TEM, peritoneal entry should not be considered a dreaded problem. This usually occurs for lesions located in the anterior upper rectum. Gavagan et al 51 studied 34 patients who underwent TEM for benign and rectal lesions, with entry into the peritoneum in eleven patients, all repaired using TEM, and 23 patients without entry into the peritoneum. They found no major complications in patients with peritoneal entry without any differences in perioperative complications. In addition, peritoneal entry does not mandate conversion to laparotomy. 51 The available visualization and instrumentation make it possible for the surgeon to close the defect immediately when it occurs. If needed, there is always the possibility of performing a laparoscopic-assisted closure and, rarely, a laparotomy. There are less published studies available for the TAMIS, making it more difficult to assess its effectiveness for peritoneal entry. A recent study by Molina et al 52 assessed peritoneal entry for all the three TES platforms (TAMIS, TEO, and TEM) and concluded that addressing peritoneal entry after resection of upper rectal lesions was more difficult with TAMIS, requiring conversion to a rigid platform or assistance using an abdominal approach more often than the other two platforms.
Guerrieri et al 53 evaluated complications in 588 patients who underwent TEM for rectal adenoma and found that, in their cohort, 8.1% of patients experienced minor complications (such as suture site leakage, soiling, and minor postoperative bleeding) while only 1.2% experienced major complications (such as rectal hemorrhage requiring intervention, RVF requiring ileostomy, rectovesical fistula, suture site leakage treated with second TEM). In a recent systematic review of TAMIS looking at 390 procedures performed worldwide, there was a total of 29 complications, where five were classified as Clavien-Dindo grade 3, which included peritoneal entry and bleeding requiring an intervention. The 
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Petrucci and Sands remaining patients suffered grade 1 and 2 complications, with the most common one being self-limiting bleeding in ten patients. 11 Although wound dehiscence is likely a more common complication, the wound is not routinely evaluated and examined in the immediate postoperative period. 2 Regardless, when diagnosed, treatment consists of antibiotics and local therapy depending on the patient's symptoms. 5 In the event of a suture dehiscence causing a phlegmon or abscess, treatment may require colostomy creation in order to allow the area to heal. In a retrospective study by Guerrieri et al, 54 evaluating their experience with TEM for resection of rectal adenoma, only one of their 402 patients experienced a large retroperitoneal phlegmon requiring radiologic drainage and diverting colostomy. 54 Postoperative hemorrhage has also been reported, ranging anywhere between 1% and 13%, usually managed conservatively, and rarely requiring transfusions. 5 Stricture formation has also been reported. Flexer et al 55 looked at their experience using the TEM platform and reported stricture formation in six out of 164 patients treated successfully with endoscopic or intraoperative dilatation. 55 
Outcomes Functional
Functional issues may severely impact a patient's quality of life. Regardless of the platform used, there is always a concern that operating through the anus with continuous insufflation and distension of the rectum may cause damage to the sphincters, which may lead to fecal soiling and incontinence. Fortunately, studies considering patients' anorectal function after undergoing TES have shown encouraging results. Specifically, there are several studies that have looked at functional outcomes after TEM, given that it entails a large, rigid rectoscope inserted through the anus for a prolonged period of time. In a small prospective study, Herman et al 56 assessed the risk factors for anorectal dysfunction after TES and found that ~50% of their patients had disturbances in anorectal function at 3 weeks, with partial-to-moderate dysfunction in 21% at 6 months after TES. The most common risk factors were preoperative disturbances in anorectal function, pre-or postoperative abnormalities on endoanal ultrasound, and the extent of excision of the lesion (lesions that were >50% of the circumference and full-thickness excisions). Nevertheless, functional issues were temporary and appeared worse in patients with the aforementioned risk factors. 56 . Jin et al 57 assessed 37 patients who underwent TEM for rectal tumors, including adenomas and carcinomas. All patients had normal preoperative anorectal manometry, and any patient who had undergone previous anorectal surgery was excluded. Over a 6-to 20-month follow-up period, Jin et al 57 found that low anorectal pressures, postoperative internal anal sphincter defects, and depth of tumor excision from TEM all contributed to incontinence during the early postoperative period; however, incontinence was transient and anorectal function eventually returned to baseline in all the patients. 57 Zhang et al 58 looked at anorectal function after repeated TEMs from presumed repeated injury to the internal anal sphincter in a group of patients who had undergone a subtotal colectomy with ileorectal anastomosis for familial adenomatous polyposis. Patients underwent repeated TEM for excision of rectal polyps in the remaining rectum. The authors found that, although anorectal parameters studied on endoscopic ultrasound changed over time, patients' function was well-preserved with a good quality of life. 58 A larger study by Allaix et al 59 assessed long-term outcomes, including quality of life, and sexual, urinary, and sphincter function, in patients with rectal cancer undergoing TEM. In their cohort of 93 patients, there was an increase in incontinence and manometry scores by 3 months after surgery with return to their baseline at 60 months follow-up. Quality of life improved by 12 months follow-up, and there were no problems with urinary or sexual function associated with TEM. 59 Studies looking at TAMIS and postoperative anorectal function have shown similar results, despite the use of different equipment. A recent study 60 in a small cohort of patients undergoing TAMIS for benign and malignant tumors found that nine patients had normal incontinence scores postoperatively, with only one patient having abnormal scores that resolved at 6 weeks after surgery. The only abnormality on anorectal manometry was a lower mean minimum rectal sensory volume at 3 weeks after surgery. 60 Another study by Verseveld et al 61 in 24 patients undergoing TAMIS found no deleterious effect of TAMIS on anorectal function; only five patients had increased fecal incontinence scores, and these five patients were found to have more distal tumors that were significantly larger in size. 61 Lee et al 62 studied the outcomes in patients undergoing TAMIS under spinal anesthesia and found no abnormalities on endoanal ultrasound 3 months after surgery. 62 The platform used in TAMIS is softer than the rigid platforms, with a smaller diameter therefore is thought to lead to less sphincter injury. 62 
Recurrence
As discussed earlier, TES has become the modality of choice for resecting rectal tumors, and one advantage has been the decrease in recurrence rates. With regard to recurrences in adenomas, resection margin is one of many factors 
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TES: patient selection and perspectives contributing to local recurrence. The recommended margin of clearance for adenomas is 5 mm circumferentially, marked with coagulation dots that guide the surgeon around the lesion. 63 An early review by Smith et al 64 of 150 patients undergoing TEM, 82 for resection of adenomas, reported a recurrence rate of 11%. All adenomas that recurred were small and easily treatable. 64 Since then, may studies have looked at the adenoma recurrence rate. A retrospective study by Allaix et al 27 found the resection margin to be the only independent predictor of recurrence on multivariate analysis after a 12-month follow-up. In this same study, the size of the lesion was not associated with recurrence on multivariate analysis; however, this did reach statistical significance on univariate analysis, with lesions >5 cm having a higher recurrence risk. Conversely, dysplasia type showed a trend toward higher recurrence with HGD, but again this was not statistically significant. 27 However, a retrospective study by Ganai et al 65 did find that size and presence of HGD were risk factors for recurrence in a retrospective analysis of 107 patients, where 45% of patients had adenomas and 17% had adenoma with HGD. 65 In a study by Said and Stippel, 66 looking at their experience with TEM for sessile adenomas over a 10-year period, they found the 1-and 5-year recurrence rate to be 1.2% and 7%, respectively, with a relationship with size and histological type of the adenoma. 66 When looking at recurrence for T1 rectal cancers, it is important to distinguish "low-risk" from "high-risk" cancer, as it has been shown that, with the latter, recurrence rates are higher when tumors contain the histopathological features that predispose them to a higher risk of recurrence. Borschitz et al 67 assessed the influence of histopathological criteria on recurrence in patients with T1 rectal cancer. They divided the groups into "high-risk" and "low-risk," based on histological criteria, tumor localization, size, and degree of resection. "High-risk" tumors included those that exhibited high-risk histopathologic markers, had R1 resection margins, and were a result of tumor fragmentation, whereas "low-risk" tumors had an R0 resection. They found that the "low-risk" tumors had a recurrence rate of 6%, compared to 39% in the "highrisk" group. Moreover, patients in the "high-risk" group who had undergone reresection for recurrence decreased the local recurrence rates to 6%, with similar 10-year cancerfree survival in both groups. 67 Bach et al 68 demonstrated that proper selection of patients with T1 rectal cancer who exhibit favorable tumor biology can undergo TEM and expect similar outcomes as those undergoing radical resection. The authors found that the estimated local recurrence rates for T1 rectal tumors at 2, 3, and 5 years were 9.5%, 12.9%, and 18.6%, respectively, whereas T2 tumors exhibited a local recurrence rate starting at 23% and increased with time, reinforcing that TEM should not be offered to these patients. Moreover, local recurrence-free survival correlated with depth of tumor invasion (T-stage and sm category), tumor diameter, and the presence of intramural lymphovascular Invasion, 68 making these factors important in the selection of patients for TEM. Heintz et al 35 compared the outcomes in patients who underwent TEM versus those who had radical surgery in both "low-risk" and "high-risk" cancers and found that "low-risk" patients had similar 5-year survival as those undergoing radical surgery (79% vs 81%) and that patients with "high-risk" tumors were at higher risk of positive lymph nodes after radical surgery (36%) as well as local recurrence. Stipa et al 69 looked at the long-term risk of local and distant recurrence in patients with early stage rectal cancer, including patients with Tis/T1 and T2 disease in 69 patients with a median follow-up of 6.9 years. Although local recurrence rates for Tis/T1 and T2 rectal cancers were similar (median overall recurrence rate of 8.7%), the 5-year disease-specific survival rate was 100% for both Tis and T1 cancers and 70% for T2 rectal cancers, with distant metastasis occurring in 7.2% of patients who all had T2 disease, 69 suggesting TEM should not be used in patients with T2 tumors, unless combined with another modality, such as adjuvant treatment.
There are fewer studies looking at TAMIS and outcomes in early rectal cancer due to its more recent development. Albert et al 70 looked at outcomes in their first 50 patients they treated with TAMIS for benign and malignant rectal disease and found an overall recurrence rate of 4.3% at a mean follow-up of 20 months. For patients with malignant disease, the majority had T1 cancer, with only six patients having T2 or T3 disease, who then underwent immediate radical resection. 70 
Future prospects
TES for benign and malignant rectal tumors has shown promising results with regard to surgical technique and outcome. However, it can also be used in combination with other treatments such as chemotherapy and radiation to help improve outcomes in more advanced rectal malignancies. One example is the use of postoperative radiotherapy in patients who have undergone TES for suspected benign or early malignancy and were subsequently found to have more advanced malignant disease on pathology. In a healthy, fit patient, the decision should be to perform a formal TME, which is the oncologic standard operation. However, given its high morbidity, certain patients may not be medically fit for this radical surgery or refuse to possibly end up with a stoma. These patients can undergo adjuvant radiation therapy to the rectum with the goal of eradicating any residual disease or any possible positive lymph nodes in the mesorectum, resulting in less morbidity and improved functional outcomes. Ramirez et al 71 looked at patients with "high-risk" T1 and "low-risk" T2 tumors who received radiotherapy following excision and found higher local recurrence rates when compared to radical surgery. However, survival outcomes were similar with a 5-year cancer-specific survival rate of 93% in the postoperative radiotherapy group. 71 Nevertheless, it is important to discuss other alternative treatments with patients since this is not the standard of care and patients must understand the risk of recurrence.
The reverse treatment has also been studied, with patients receiving neoadjuvant radiation with the goal of downstaging the tumor and sterilizing the mesorectum in the case of possible lymph node metastasis, followed by local excision. Once again, this approach is not the standard oncologic operation offered for rectal cancer. It does, however, give the surgeon another possible treatment option to spare patients from the possibility of complications and functional disturbances from radical surgery. Guerrieri et al 72 challenged this approach in 137 patients with T1 to T3 rectal cancer with the goal of preserving sphincter function using the TEM platform. They found the overall recurrence rate in the neoadjuvant radiotherapy group to be 4% versus 33% patients with disease-free survival (highest in the T0-T1 lesions [100%], less in the T2 [81%], and lowest in the T3 group [59%]), suggesting that although this approach is effective, especially for early tumors, it should only be offered to a select group of patients who will not undergo standard conventional surgery. 72 The use of neoadjuvant chemoradiotherapy followed by surgery for rectal cancel has revolutionized rectal cancer treatment allowing for tumor downstaging, local control of the disease, and further sphincter-preserving surgery for "high-risk" T2 and T3 locally advanced rectal cancers, leading to better functional outcomes for patients. 73 In fact, some patients have such a good clinical response to neoadjuvant treatment that the argument of not proceeding to surgery and practicing a "watch and wait" approach has been described and is a hot topic at colorectal meetings worldwide. Somewhere within these two practices is the use of neoadjuvant chemoradiotherapy followed by local excision, sparing patients more radical surgery. In a prospective randomized trial, Lezoche et al 74 challenged this treatment plan in patients with early, small T2N0M0, grade 1-2 low-rectal cancer compared to laparoscopic TME in a cohort of 100 patients.
The TEM surgery performed, described as endoluminal locoregional resection, is a full-thickness excision including a portion of the underlying mesorectum. Interestingly, the risk of local recurrence or distant metastasis was similar in both the groups, as was the cancer-related survival rate with a better preference toward endoluminal locoregional resection regarding blood loss, operating time, stoma rate, length of stay, and use of pain medication. 74 A study by Kim et al 75 challenged the safety and efficacy of local excision by conventional TAE for T2 and T3 distal rectal cancers following chemoradiotherapy in 26 patients, with half of them having T3N0 disease. Sixty-five percent of patients had a complete pathological response, and 35% had a partial response, after radical surgery. In the complete responders, there were no recurrences at 24 months follow-up, and there was a lowcomplication rate. Despite this, the authors concluded that even with promising results, choosing patients for local excision should be done cautiously, in a select group of patients. 75 More recently, the ACOSOG Z6041 trial, a prospective, multicenter, single-arm study, challenged chemoradiotherapy followed by local excision for T2N0 rectal cancer showing a high complete pathologic response rate as well as a high rate of negative margins. However, their reported complication rate was high, suggesting that the efficacy of this approach lies in its long-term oncologic outcome. 76 The potential for the TES platforms continues to grow as they are starting to be used for more radical operations to help improve mesorectal excision for improved oncologic outcome. Its most recent innovative use has been for TME in early rectal cancer. Although still in its early stages, transanal TME has become a hot topic, with courses being offered in expert centers that have become leaders and proponents of this highly sophisticated technique. The creation of this technique was mainly driven by the difficulties encountered during a TME, during both open and laparoscopic surgery, such as poor visualization and difficulty using instruments deep into the pelvis. This created the need for a "down to up" approach in performing a TME, using a hybrid approach. 77 In the largest series to date, Lacy et al 77 looked at a homogeneous group of patients and suggested that this approach can be particularly advantageous in obese males with bulky advanced tumors, resulting in a very good TME specimen, satisfactory intraoperative outcomes, and comparable short-term morbidity and oncologic outcomes to patients undergoing laparoscopic TME. 77 Pushing the limits of TES has led to other exceptional uses such as a platform to perform natural orifice transluminal endoscopic surgery. One case report by 78 describes the use of a rigid TEM platform for a rectosigmoid resection in a swine cadaver using transgastric assistance for colon mobilization.
Conclusion
TES is a 30-year-old innovation, which has come into new favor in the minimally invasive surgical era. The creation of new technology has put this technique into the hands of willing laparoscopic surgeons worldwide. The safety and efficacy for its use with benign lesions has been well documented. Malignancies should be approached in a multidisciplinary fashion with careful pathologic, radiologic, and oncologic consideration. New indications and its use for transanal TME are currently being explored with promise.
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